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A method of forming a porous dielectric on a semiconductor device 
comprises providing two horizontally adjacent conductors on a substrate, 
coating the substrate and filling the gap between conductors with a soln. 
capable of forming a wet gel, gelling to form an open-pored wet gel, and 
drying to form an undensified porous dielectric layer. 

Pore dia. is less than 80 nm and the electric constant is less than 
3.0; capacitive coupling is much less than with solid silica. The wet gel 
is solvent-washed to remove water and reacted with a surface-modification 
agent to replace at least 15% of reactive gps. on pore surfaces with 
stable gps. to prevent unwanted condensations and control dens i f i ca t i on . 

Reactive gps. include hydroxyl, stable gps. are organic radicals, an 
drying is at subcritical pressures, Unreacted modification agent is 
removed from the wet gel, gelling is by hydrolysing and condensing metal 
alkoxides or from particulated or colloidal metal alkoxides, or from 
organic precursors. The wet gel is aged at below the b.pt. of the solvent 
the dielectric is mainly silica and has pore dias. of 2-25nm. 

USE - For reducing capacitive coupling between conductors in high 
density ICs for computers, televisions, etc.. 

ADVANTAGE - The method avoids the use of supercritical pressure sin 
drying the gel without loss of quality in respect of pore size, porosity, 
and shr inkage , 
Dwg . 0/8 

ABEQ US 5470802 A UPAB: 19960115 

A method of forming a porous dielectric on a semiconductor device 
comprising: (a) providing a first conductor and a horizontally adjacent 
second conductor, formed on a substrate wherein a gap is formed between 
said first and said second conductors; (b) providing a solution capable o 
forming a wet gel; (c) coating said substrate with said solution such tha 
the gap between said first and second conductors is filled substantially 
with said solution; (d) gelling said solution to form a wet gel on said 
substrate, said wet gel containing pores arranged in an open-pored 
structure; and (e) drying said wet gel to form a substantially undensifie 
porous dielectric layer, said porous dielectric having a dielectric 
constant less than 3.0 and a pore diameter of less than 80 nm, whereby th 
capacitive coupling between conductors on the same level is substantially 
reduced compared to a solid silicon dioxide dielectric. 
Dwg. 0/8 
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TI Formation of thin film aerogel on semiconductor substrate involves 

depositing aerogel precursor sol on substrate, allowing the deposited sol 
to create gel, and forming dry aerogel. 
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NOVELTY - A thin film aerogel is formed on a semiconductor substrate by 
providing a semiconductor substrate having a microelectronic circuit, 
depositing an aerogel precursor sol on the substrate, allowing the 
deposited sol to create a gel, and forming a dry aerogel. 

DETAILED DESCRIPTION - Formation a thin film aerogel on a 
semiconductor substrate comprises: 

(1) providing a semiconductor substrate having a microelectronic 
circuit; 

(2) depositing an aerogel precursor sol on the substrate; 

(3) allowing the deposited sol to create a gel; and, 

(4) forming a dry aerogel by removing the pore fluid. 

The precursor sol comprises a metal-based aerogel precursor reactant 
and a first solvent comprising a first polyol. The molar ratio of the 
first solvent molecules to the metal atoms in the reactant is at least 
1:16. The gel comprises a porous solid and the pore fluid. 

USE - For forming a thin film aerogel on a semiconductor substrate. 

ADVANTAGE - The method is simple, and allows both bulk and thin film 
aerogels to be made without supercritical drying, freeze drying, or a 
surface modification step before drying. It allows production of 
nanoporous dielectrics at room temperature and atmospheric pressure, 
without a separate modification step. It also eliminates adding a surface 
modification agent before the forming step. 
Dwg .0/13 
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TI Semiconductor device with porous dielectric for electronic appliance - ha 
porous dielectric layer with porosity of twenty per cent and pore diamete 
in range of two to eighty nm . 

DC L03 Ull 

IN ACKERMAN, W C; CHANGMING, J; CHO , C; GNADE , B E; JOHNSTON, G C; SMITH, D 



PA (TEX I) TEXAS I NSTR INC 
CYC 1 

PI US 5847443 A 19981208 (199905)* lip 

ADT US 5847443 A CIP of US 1994-263572 19940623, US 1996-746689 19961114 
FDT US 5847443 A CIP of US 5504042 

PRAI US 1996-746689 19961114; US 1994-263572 19940623 

AN 1999-059248 [05] WPIDS 

CR 1996-041860 [05] ; 1997-283054 [26] 

AB US 5847443 A UPAB : 20020128 

The device has a patterned conductor layer (24) formed on an insulating 
layer (22) . A porous dielectric layer (28) consisting of silica is formed 
between a pair of semiconductors so that the dielectric layer has a 
porosity of 20% with the diameter of the pore ranging between 2-80 nm. 

The pore surface has a hydroxyl compound with concentration less tha 
1.5 groups per square nm of pore surface area. A phenyl group compound 
with a concentration of less than 0.8 groups per square nm is bonded to 
pore surfaces of the porous dielectric layer. 
USE - For computer, TV. 

ADVANTAGE - Provides low dielectric constant to reduce unwanted 
capacitive coupling on semiconductor devices. 
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TI Formation of thin aerogel on semiconductor substrates, eliminating the 
need for supercritical drying or surface modification steps to prevent 
pore collapse - by simply depositing a sol containing a metal containing 
aerogel precursor and a solvent followed by drying, useful for integrated 
circuits for computers and television. 
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A method for forming a thin film aerogel (especially thin film, 
nano-porous dielectrics) on a semiconductor substrate, comprises: (a) 
providing a semiconductor substrate, optionally comprising a 
microelectronic circuit; (b) depositing on the substrate an aerogel 
precursor sol comprising (i) a metal atom-containing aerogel precursor 
reactant; and ( i i ) a first solvent in which the molar ratio of first 
solvent molecules to metal atoms in (i) is at least 1:16; (c) allowing th 
deposited sol to create a gel comprising a porous solid and a pore fluid; 
and (d) forming a dry aerogel by removing the pore fluid. 

USE - The dry, nano-porous dielectrics and thermal insulators 
(claimed) on semiconductor substrates are useful in integrated circuit 
manufacture, e.g. for use in computers and televisions. The process is 
useful in the manufacture of integrated circuits which can accomplish mor 
in less time in a smaller package while consuming less power, where 
increased capacitive coupling (crosstalk) can limit achievable speed and 
degrade the noise margin used to ensure proper device operation. Devices 
which were previously uneconomical to produce can now be made, e.g. low 
dielectric constant thin films (particularly on semiconductor substrates) 
miniaturised chemical sensors, thermal isolation structures and thermal 
isolation layers (including thermal isolation structures for infrared 
detectors) . Substrates include silicon, germanium, and gallium arsenide 
used to form, e.g. active devices, lower level wiring and insulation 



1 aye r s . 

ADVANTAGE - Dry, nano-porous dielectrics which do not collapse on 
formation, are obtained (claimed) . Intermediate steps using surface 
modification (claimed) or supercritical drying to prevent pore collapse, 
as in prior art, are not required for the production of both bulk and thi 
film aerogels. Nano-porous dielectrics can be formed at room temperature 
and atmospheric pressure. Thus the process is more simple and cost 
effective than prior art methods. Resulting porosities can be adjusted to 
suit the end application. 
Dwg. 9/12 
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A metal-based nanoporous aerogel precursor sol comprises an aerogel 
precursor and a polyol solvent, the mole ratio of solvent molecules 
metal atoms being at least 1:16. Also claimed are non- supe r c r i t i c a 1 
methods for forming nanoporous aerogels e.g. a thin film dielectric 
semiconductor substrate. 

USE - In the manufacture of bulk and thin film aerogels. Bulk gel 
uses include molecular sieves, thermal insulation, catalyst supports, 
adsorbents, acoustic insulation and op t i s epa r a t i on membranes. Thin film 
gel uses include low dielectric constant films for semiconductors, 
miniaturised chemical sensors, thermal isolation structures e.g. for 
infrared detectors, thermal isolation layers and optical, protective, 
porous and an t i r e f 1 e c t i ve coatings. 

ADVANTAGE - Supercritical drying and the need of surface modificatio 
before drying are eliminated, the gelled film being either aged and dried 
without atmospheric controls or rapidly aged at elevated temperature and 
dried with only passive atmospheric controls e.g. limiting the volume of 
the aging chamber. Film thickness and aerogel density can be controlled 
easily and independently. 
Dwg . 0/19 
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Uncapped porous dielectric layer formed on a substrate and having an 
average pore size of 2-80 nm is modified by heating at 100-490 deg. C in 
controlled atmos . , such that at least 70% of hydroxyl gps. initially 
present on the pore surfaces are removed, resulting in improved dielectri 
p r ope r ties. 

Also claimed is a semiconductor device comprising: (I) a layer of 
patterned conductors formed on a substrate; and (II) a porous dielectric 
layer, pref. Si02, formed between the patterned conductors, having a 
porosity of at least 20%, average pore dia. 2-80 nm and OH concn. below 
1.5 pref. below 0.5 OH gps./nm2 of pore surface area. 

The controlled atmos. is an H2-contg. 02-free atmos, pref. 10 wt.% H 
(sic) , and 90 wt.% N2 . (sic) . The atmos. may alternatively, or in addn., 
contain an F cpd., pref. NH4F , HF or F2 . Two different atmos. may be 
applied sequentially during heating. Heating temp, is 300-450 deg. C and 
the resulting linear shrinkage is 5% or less. 

Hal gps., pref. F, are bonded to the pore surfaces of the porous 
dielectric in a concn. of above 0.8 groups/nm2. A solid cap layer is adde 
over the porous layer. 

USE - Fabrication of dielectrics on semiconductor devices. 

ADVANTAGE - The dielectric layer has improved dielectric constant, 
resistivity, breakdown voltage and/or loss factor. 
Dwg. 0/2 

ABEQ US 5504042 A UPAB: 19960510 

A method of modifying a porous dielectric on a semiconductor device 
comprising: (a) providing a substrate containing an uncapped porous 
dielectric layer, said porous dielectric layer having an average pore 
diameter between 2 and 80 nm; and (b) heating said substrate to one or 
more temperatures between 100 and 490 degrees C. in a controlled 
atmosphere such that at least 70% of hydroxyl groups initially present on 
the pore surfaces of said porous dielectric are removed from said porous 
dielectric, whereby one or more dielectric properties of the porous 
dielectric are improved. 
Dwg . 1A/2 

ABEQ US 5523615 A UPAB: 19960719 

A semiconductor device which comprises: (a) a layer of patterned 
conductors formed on a substrate; (b) a porous dielectric layer disposed 
at least partially between at least one pair of the patterned conductors, 
the porous dielectric layer having a porosity of at least 20%, an average 
pore diameter of between 2 nm and 80 nm , and an OH concentration of less 
than 1.5 OH groups/nm2 of pore surface area. 
Dwg. Id/2 
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Uncapped porous dielectric layer formed on a substrate and having an 
average pore size of 2-80 nm is modified by heating at 100-490 deg. C in 
controlled atmos . , such that at least 70% of hydroxyl gps. initially 
present on the pore surfaces are removed, resulting in improved dielectri 
propert ies . 

Also claimed is a semiconductor device comprising: (I) a layer of 
patterned conductors formed on a substrate; and (II) a porous dielectric 
layer, pref. Si02, formed between the patterned conductors, having a 
porosity of at least 20%, average pore dia. 2-80 nm and OH concn. below 
1.5 pref. below 0.5 OH gps./nm2 of pore surface area. 

The controlled atmos. is an H2-contg. 02-free atmos, pref. 10 wt.% H 
(sic) , and 90 wt.% N2 . (sic) . The atmos. may alternatively, or in addn., 
contain an F cpd., pref. NH4F , HF or F2 . Two different atmos. may be 
applied sequentially during heating. Heating temp, is 300-450 deg. C and 
the resulting linear shrinkage is 5% or less. 

Hal gps., pref. F, are bonded to the pore surfaces of the porous 
dielectric in a concn. of above 0.8 groups/nm2. A solid cap layer is adde 
over the porous layer. 

USE - Fabrication of dielectrics on semiconductor devices. 

ADVANTAGE - The dielectric layer has improved dielectric constant, 
resistivity, breakdown voltage and/or loss factor. 
Dwg . 0/2b 
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The foamed polymer with a hole dia. of up to 1000A is obtd. by producing 
copolymer of a matrix polymer and a heat decomposable polymer decomposing 
at a temp, lower than the decomposition temp, of the matrix polymer and 
heating to copolymer to a temp, at or higher than the decomposition temp, 
of the heat decomposable polymer and lower than the decomposition temp, o 
the matrix polymer. 

USE/ADVANTAGE - The foamed polymers have a lower dielectric constant 
and are useful as polymer insulators for electronic parts. The polymer is 
pref. foamed polyimide and po 1 y (pheny 1 qu i noxa 1 i ne) (PPQ) . 

In an example, a soln. of 16.812g b i s (pheny 1 g 1 yoxa 1 y 1 ) benz ene (PPQ 
material) and 10.266g polypropylene oxide with the terminals being capped 
with benzyl having a Mn of about 5000 (heat decomposable oligomer) (PO) in 
100 ml of a mixed solvent of m-cresol and xylene (1:1) was drooped in a 
slurry of 10.7135g d i am i nobenz i d i ne (also PPQ material) in 50 ml of the 
mixed sovlent under stirring, the mixt. was stirred for 20 hrs. and poure 
in methanol and the obtd. precipitate was rinsed with methanol repeatedly 
to give a copolymer with. a PO of 20 wt.% in a yield of 78%. A foamed 
polymer obtd. by heating a film of the copolymer for 9 hrs. at 275 deg. C 
had a density of 1.16 g/cm3 , dielectric constants at 45 and 100 deg. C at 
20 KHz of 2.38 and 2.36 and a mean hole dia. of 80A. (Reissue of the entr 
advised in week 9337 based on complete specification 
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The foamed polymer with a hole dia. of up to 1000A is obtd. by producing 
copolymer of a matrix polymer and a heat decomposable polymer decomposing 
at a temp, lower than the decomposition temp, of the matrix polymer and 
heating to copolymer to a temp, at or higher than the decomposition temp, 
of the heat decomposable polymer and lower than the decomposition temp, o 
the matrix polymer. 

USE/ADVANTAGE - The foamed polymers have a lower dielectric constant 
and are useful as polymer insulators for electronic parts. The polymer is 
pref. foamed polyimide and poly (phenylQuinoxal ine) (PPQ) . 

In an example, a soln. of 16.812g b i s (pheny 1 g 1 yoxa 1 y 1 ) benzene (PPQ 
material) and 10.266g polypropylene oxide with the terminals being capped 
with benzyl having a Mn of about 5000 (heat decomposable oligomer) (PO) in 
100 ml of a mixed solvent of m-cresol and xylene (1:1) was drooped in a 
slurry of 10.7135g d i am i nobenz i d i ne (also PPQ material) in 50 ml of the 
mixed sovlent under stirring, the mixt. was stirred for 20 hrs. and poure 
in methanol and the obtd. precipitate was rinsed with methanol repeatedly 
to give a copolymer with a PO of 20 wt.% in a yield of 78%. A foamed 
polymer obtd. by heating a film of the copolymer for 9 hrs. at 275 deg. C 
had a density of 1.16 g/cm3 , dielectric constants at 45 and 100 deg. C at 
20 KHz of 2.38 and 2.36 and a mean hole dia. of 80A. (Reissue of the entr 
advised in week 9337 based on complete specification 
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